Objective: To assess outcome after a 2-stage hepatectomy procedure (TSHP) combined with portal vein embolization (PVE) in the treatment of patients with unresectable multiple and bilobar colorectal liver metastases (MBCLM). Background: Patients with MBCLM are often considered for palliative chemotherapy only, due to too small future remnant liver (FRL). Recently, right hepatectomy with simultaneous left liver wedge resections after previous right PVE has been reported in a curative intent. However, the growth of metastatic nodules in FRL after PVE can be more rapid than that of the nontumoral remnant hepatic parenchyma. Therefore, metastases located in the FRL should be ideally resected before PVE. Then, a right (or extended right) hepatectomy can be safely performed during a second-stage hepatectomy. Therefore, we analyzed our experience with the use of TSHP combined with PVE in treatment of MBCLM. Patients and Methods: Between December 1996 and April 2003, 33 patients with unresectable MBCLM were selected for a TSHP. A right or an extended right hepatectomy was planned after treatment of left FRL metastases to achieve a curative resection. The first-stage hepatectomy consisted in a clearance of the left hemiliver by resection or radiofrequency destruction of metastases of the left FRL. Subsequently, a right PVE was performed to induce atrophy of the right hemiliver and hypertrophy of the left hemiliver. Finally, a second-stage hepatectomy was planned to resect the right liver metastases. Results: There was no operative mortality. Post-PVE morbidity was 18.1%; postoperative morbidity was 15.1% and 56.0% after firstand second-stage hepatectomy, respectively. TSHP could be achieved in 25 of 33 patients (75.7%). The 1-and 3-year survival rates were 70.0% and 54.4%, respectively, in the 25 patients in whom the TSHP was completed. Conclusions: In selected patients with initially unresectable MBCLM, a TSHP combined with PVE can be achieved safely with long-term survival similar to that observed in patients with initially resectable liver metastases.
rates were 70.0% and 54.4%, respectively, in the 25 patients in whom the TSHP was completed.
Conclusions:
In selected patients with initially unresectable MBCLM, a TSHP combined with PVE can be achieved safely with long-term survival similar to that observed in patients with initially resectable liver metastases. L iver resection has been recognized as the treatment of choice for patients with colorectal liver metastases (CLM), offering long-term survival and the only hope for cure. [1] [2] [3] However, hepatectomy can be performed only in approximately 10% to 20% of patients with CLM. 4 In the majority of cases, liver surgery is contraindicated due to too small future remnant liver (FRL). [5] [6] [7] During the last years, new multidisciplinary therapies have been proposed to increase safely the resectability rate in patients with initially nonresectable CLM. They include portal vein embolization (PVE), 8 -10 systemic or arterial hepatic neoadjuvant chemotherapy, 11, 12 transarterial neoadjuvant immunochemotherapy, 13 and local tumoral destruction. 14, 15 However, these adjuvant therapies do not allow to achieve a curative resection in all patients and particularly in patients with multiple bilobar CLM (MBCLM). In these patients, the resection of MBCLM would result in a too small FRL. A 2-stage hepatectomy procedure (TSHP) without PVE was advocated to treat patients with unresectable multiple metastases. 16 However, after resection of MBCLM, high mortality (9%-15%) was reported. 16, 17 Liver failure due to insufficient functional volume of the FRL is the main cause of postoperative mortality. Preoperative PVE has been proposed to induce compensatory hypertrophy of the FRL. 8, 9 Some successful cases undergoing right hepatectomy and simultaneous left hemiliver wedge resections after PVE have been reported in patients with MBCLM. 18 However, growth of metastatic nodules in the FRL after PVE can be more rapid than that of the nontumoral remnant hepatic parenchyma. 19 Therefore, metastases located in the FRL should be ideally resected before PVE in a first-stage hepatectomy; a major hepatic resection can then be performed, after PVE, in a second-stage hepatectomy. Therefore, a new strategy design has been developed to treat patients with initially unresectable MBCLM. Our preliminary results were previously reported. 20 The present study reports feasibility, surgical outcome, recurrence rate, and long-term survival of patients presenting initially unresectable MBCLM undergoing a TSHP combined with PVE.
PATIENTS AND METHODS

Patient Selection
From December 1996 to April 2003, 33 of 398 patients (8.2%) presenting MBCLM were selected for a TSHP combined with PVE.
Inclusion Criteria
We included patients with MBCLM in whom the left hemiliver could be cleared of metastases during a first-stage hepatectomy respecting the left hepatic pedicle and/or at least segments 2 and 3. In these patients, at least 30% of the functional liver volume (as estimated by a preoperative threedimensional CT scan) could be preserved after right PVE and a second-stage right or extended right hepatectomy.
Exclusion Criteria
We excluded patients with MBCLM presenting obstructive jaundice, invasion of vena cava, invasion of FRL hepatic vein, or with altered hepatic functional reserve (evaluated by an indocyanine green retention rate after 15 minutes ͓ICG 15͔ of more than 20%). 21 We also excluded patients in whom the disease progressed under chemotherapy administered before referral to our institution. 
Preoperative Investigations
Preoperative evaluation include thoracoabdominal CT scan with 3-dimensional volume evaluation of the liver and MRI of the liver with coronal views. The primary tumor site was assessed for recurrence with a total colonoscopy and ultrasound rectal endoscopy or MRI of the pelvis for rectal primaries.
Two-Stage Hepatectomy Procedure
First-Stage Hepatectomy
The first-stage hepatectomy was the key step of the planned procedure. It consists in a complete clearance of the metastases located in 1 hemiliver. In all our patients, the FRL was the left hemiliver. In some cases, the first-stage hepatectomy was associated with resection of the primary colorectal tumor. 22 The first-stage hepatectomy consisted of nonanatomic liver resections in case of less than 3 metastases (Fig.  1A) , and in nonanatomic resection associated with radiofrequency (RF) destruction in case of 3 or more metastases (Fig.  1B) . Parenchymal dissection was performed either without pedicle clamping or under selective left hilar clamping.
PVE
A right PVE (Ϯ branches of segment IV) was performed 2 to 5 weeks after the first-stage hepatectomy. A percutaneous approach through the left portal branch was routinely used. Left liver hypertrophy was evaluated with threedimensional CT scan 5 to 8 weeks after PVE. When the estimated volume of the left FRL was considered insufficient, a second evaluation at 3 to 4 weeks later was performed before excluding the patient from the second-stage hepatectomy.
Second-Stage Hepatectomy
A right-or an extended right hepatectomy was performed in all cases; resection of caudate lobe was associated in case of involvement. The dissection of liver parenchyma was achieved without clamping or under selective right pedicle clamping. In case of development of further metastases in the left FRL, iterative nonanatomic resection or RF destruction was performed during the second-stage hepatectomy.
Hepatoduodenal Ligament Lymph Nodes Dissection
During the first-stage hepatectomy, a picking of lymph nodes was routinely performed (around portal vein and common hepatic artery). During the second-stage hepatectomy, a hepatic pedicle lymph node dissection was performed according to the preference of the surgeon. The procedure of lymph node dissection was performed as described previously. 
Follow-up
Patients were followed with a physical examination, liver biochemistry, carcinoembryonic antigen and CA 19 -9 serum levels, liver ultrasonography, and CT scan every 3 months. No patient was lost during the follow-up period. 
Statistics
Mean values are expressed with standard error of mean. 2 and Fischer exact test were appropriately used. Survival was calculated from the date of the second-stage hepatectomy with Kaplan-Meier method, and significant differences were examined with log-rank test. Survival for patients in whom the procedure has not been achieved was calculated from the date of the first-stage hepatectomy. A difference was considered significant when the P value was less than 0.05.
RESULTS
Patient Characteristics
The sex ratio (male/female) was 2. The mean (ϮSD) age was 63.2 Ϯ 9.3 years (range, 44 -80 years; median, 61 years). Eight patients were older than 70 years. Patients characteristics are shown in Twenty-three patients were referred to our institution after primary tumor resection, with mean interval of 17 Ϯ 14 months (range, 3-52 months; median, 14 months). Metastases in the liver were synchronous in 22 patients (66.7%), and 10 of these patients underwent simultaneous first-stage hepatectomy at the time of primary tumor resection in our institution. Tables 1 and 2 summarize the metastases characteristics and surgical details of the TSHP. The number of metastases located in the left FRL was 1 in 11 patients, 2 in 5 patients, 3 in 7 patients, and more than 3 in 10 patients, respectively.
Extrahepatic Metastases and First-Stage Hepatectomy
Preoperative imaging studies revealed isolated resectable pulmonary metastases in 4 patients, and in 1 patient an isolated spleen metastases that required splenectomy. At the time of laparotomy, a localized carcinomatosis was detected and resected in 4 patients. Two of these patients had also resectable pulmonary metastases. None of the 5 patients presenting with intraabdominal extrahepatic disease completed the TSHP. Among the 4 patients presenting with isolated pulmonary metastases, 2 were resected after completion of TSHP and 2 others are planned for pulmonary resection.
Extrahepatic Metastases and Second-Stage Hepatectomy
In 3 patients, extrahepatic intraabdominal metastases were detected and resected during the second-stage hepatectomy. Two of them had contiguous involvement of the diaphragm and 1 had limited right perinephric carcinomatosis.
Chemotherapy
Six patients presenting with synchronous MBCLM did not received chemotherapy. The other 27 patients received a different regimen of systemic chemotherapy before the firststage hepatectomy and before they were referred to our institution. The chemotherapy regimens included a combination of 5-fluorouracil and acid folinic alone (n ϭ 5), or associated to either oxaliplatin (n ϭ 14) or irinotecan (n ϭ 8). The number of cycles ranged from 3 to 12 for each drug. In 8 patients, a second line of chemotherapy was administered with a shift from irinotecan to oxaliplatin (n ϭ 2) or from oxaliplatin to irinotecan (n ϭ 6). All 27 patients had at least stabilization of the metastatic liver disease.
Three patients received chemotherapy (2 to 3 cycles) after PVE and before the second-stage hepatectomy. The different regimens included 5-fluorouracil ϩ folinic acid ϩ irinotecan (n ϭ 2) and Xeloda (n ϭ 1). These 3 patients had more than 5 metastases in the left FRL resected or ablated by radiofrequency during the first-stage hepatectomy.
Outcome After PVE
According to the location of the metastases, the right portal vein was embolized in all cases. The segment IV portal branches were embolized in 5 (15%) patients. PVE was carried out successfully in 33 patients. PVE was performed 28 Ϯ 22 days after the first-stage hepatectomy (range, 5-109 days; median, 22 days). The mean hospital stay after PVE was 4 Ϯ 2 days (range, 2-14 days; median, 4 days). Table 1 summarizes the volumetric measures of FRL before and after PVE. Postembolization course was uneventful in 27 patients. However, complications occurred in 6 patients (18.1%) including a hematoma of the left FRL (n ϭ 1), an arterial hypotension during the procedure (n ϭ 1), a transitory fever (n ϭ 3) and a mesenterico-portal venous thrombosis (n ϭ 1). The later patient did not undergo the second-stage hepatectomy and died 6 months following the PVE from disease progression. In 2 patients (6%), hypertrophy of the left FRL was considered insufficient and they received palliative chemotherapy only after PVE.
Operative Outcome
There was no operative mortality. Postoperative morbidity rates were 15.1% and 56.0% after first-and secondstage hepatectomy, respectively. However, 11 patients only (44%) presented complications related to liver surgery. The other 3 patients developed medical complications: urinary tract infection (n ϭ 1) and central catheter infection (n ϭ 2). The feasibility of the TSHP was 75.7% (25 of 33 patients). The second-stage hepatectomy was not performed because insufficient left FRL hypertrophy (n ϭ 2, 6%), disease progression (n ϭ 5, 15%) and a mesenterico-portal vein thrombosis (n ϭ 1, 3%) complicating PVE. Postoperative complications after each hepatectomy are summarized in Table 3 . Reoperation was required in 1 patient only for evisceration.
Survival and Recurrence
The mean and median follow-up after the second-stage hepatectomy were 19 Ϯ 21 and 12 months, respectively (range, 4 -76 months). The 1-and 3-year survival rates were 70.0% and 54.4%, respectively, in the 25 patients in whom the TSHP was completed. The 1-and 3-year disease-free survival rates were 35.2% and 14.1%, respectively. Sixteen patients (64%) developed recurrences and their characteristics are shown in Table 4 . Among them, 6 patients died of recurrences after a mean follow-up of 13 Ϯ 10 months (range, 5-33 months; median, 8 months), 6 were alive with recurrent disease, and 4 were alive and disease-free after resection of their recurrent disease with a mean follow-up of 47 Ϯ 21 months (range, 26 -72 months; median, 33 months). Nine of 25 patients did not developed any recurrence after a mean follow-up of 13 Ϯ 10 months (range, 4 -31 months; median, 5 months). Therefore, 13 patients were disease-free after a mean follow-up of 19 months (range, 4 -72 months; median, 11 months).
The 1-and 3-year survival rates were 72.9% and 0%, respectively, in the 8 patients in whom the TSHP has not been completed (Fig. 4) . Their median survival was 14 months with a mean follow-up of 10 Ϯ 8 months (range, 4 -26 months; median, 9 months). The survival rate was significantly higher in patients in whom the TSHP was completed compared with those in whom the TSHP was not completed ( Fig. 4 ; P ϭ 0.02).
Prognostic Factors for Survival
Univariate analysis of parameters for overall and disease-free survival are shown in Table 5 . The 3-year survival rate for patients presenting Յ 2 metastases in the left FRL was higher but did not significantly differ from those with Ն 2 metastases (59.3% vs. 40.0%; P ϭ 0.11; Fig. 5 ). On the other hand, presence of Ն 2 metastases located in the left FRL was associated with an increased risk of recurrence (P ϭ 0.004; Table 5 ). Liver resection or RF during the first-stage hepatectomy did not appear to influence overall and diseasefree survival (P ϭ 0.13 and 0.15, respectively; Table 5 ).
Univariate Analysis of Prognostic Factors That Affect Completion of the Procedure
The results of univariate analysis showed that only the presence of intraabdominal extrahepatic disease, even limited and resectable at the first-stage hepatectomy, was significantly associated with increase rate of failure to achieve the TSHP (62.5% and 0%, P Ͻ 0.0001, respectively; Table 6 ).
DISCUSSION
The TSHP combined with PVE for initially unresectable MBCLM can be achieved safely without mortality. Analysis of our series suggests that this strategy represents currently a treatment, which can offer a real hope of longterm remission. Recently long-term survival has been reported in patients with MBCLM after multimodal therapies combining induction chemotherapy followed by surgical resection associated or not with local ablation (radiofrequency, microwave) 24, 25 ; however, postoperative mortality due to liver failure still remained a drawback. In the present series, the majority of the patients were referred to our institution after a first or a second line chemotherapy; nevertheless, they were considered unresectable according to our selection criteria. Among these patients, a safe complete resection was only possible by TSHP. Our results suggest that PVE was an effective treatment to prevent postoperative mortality due to liver failure.
In the present series, univariate analysis did not show any impact of chemotherapy administration before TSHP on 
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feasibility of the procedure and on survival. However, the design of this study does not allow conclusion on neoadjuvant chemotherapy efficiency. Indeed, most of the patients were referred after first or second line chemotherapy; at that time, the referring oncologist estimated that further medical treatment could not be helpful. However, in case of early referral neoadjuvant chemotherapy can be proposed to patients with MBCLM in attempt to down-stage the disease and eventually spare some patients from a TSHP in favor of a 1-stage procedure.
11,24
The first-stage hepatectomy included nonanatomic resection, RF destruction or both techniques. This combination increased the feasibility of TSHP by 20% (5 of 25 patients) with similar overall and disease-free survival compared with patients undergoing nonanatomic liver resection alone (Table  5) . Therefore, the percutaneous approach could be considered as an alternative to laparotomy to perform RF destruction. However, a percutaneous approach could overlook either small metastases in the FRL or peritoneal carcinomatosis, which can be both easily detected during laparotomy.
In case of synchronous MBCLM, the resection of the primary colorectal tumor can be combined with the first-stage hepatectomy. Candidates for simultaneous resection were reported previously. 22 The TSHP was designed to achieve a curative resection in patients presenting MBCLM with predominant involvement of 1 hemiliver. In our series, all patients with MBCLM had predominant right liver metastases. However, in 1 case (not included in this study) of multiple and bilobar endocrine metastases with predominant left hemiliver involvement, we performed left PVE after clearance of the right liver metastases during the first-stage hepatectomy and a left hepatectomy during the second-stage hepatectomy. This experience suggests that TSHP combined with PVE could be adequate for patients presenting MBCLM, even with predominant location in the left hemiliver using left PVE followed by a left or an extended left hepatectomy. In case of involvement of segment 4, the volume of the FRL (left hemiliver or segments 2 and 3) was determined according to the extent of the disease. Indeed, for massive involvement of segment 4, clearance of segment 2 and 3 only was performed at the time of the first-stage hepatectomy. Then, a right extended hepatectomy was performed as a second-stage hepatectomy provided that the portal branches of segment 4 were embolized during right PVE procedure. In case of limited resectable involvement of segment 4, a complete clearance of the 3 segments (2, 3, and 4) was achieved at the time of the first-stage hepatectomy.
After resection of MBCLM, a high mortality (9%-15%) has been reported in recent series mainly due to postoperative liver failure developed in patients who did not receive PVE. 16, 17 In our experience, lethal postoperative liver failure was avoided by contraindicating the second-stage hepatectomy in patients with insufficient hypertrophy.
Recently, a prospective clinical trial demonstrated that systematic right portal vein embolization before right hepatectomy had no beneficial effect on the postoperative course in patients with normal liver. 26 In their series, the authors excluded patients with less than 2 months' delay between preoperative systematic chemotherapy and surgery. In our series, only 9 of 25 patients had a normal FRL liver parenchyma, and chemotherapy was administered to the majority of the patients with delay of less than 2 months from the first-stage hepatectomy. The remaining 16 patients had macrosteatosis (n ϭ 11) or steatofibrosis (n ϭ 5) as demonstrated by liver biopsy at the time of first-stage hepatectomy. Moreover, half of the patients required extended right hepatectomy after PVE. Functional reserve and volume of FRL were a major concern in our patients; our results suggest that PVE contributed to avoid postoperative mortality due to liver failure.
Even if in some cases the limited number of left FRL metastases (Յ 2) might have allowed proposal of a 1-stage hepatectomy, preservation of an adequate functional FRL volume was problematic because of size and/or location of the left FRL metastases and/or to the steatofibrosis of the FRL parenchyma subsequent to chemotherapy increasing the expected risk of postoperative mortality. Indeed, despite PVE and adequate left FRL hypertrophy (FRL Ͼ 30% of the functional liver volume after PVE), 3 patients developed transitory liver failure that might have been lethal without PVE.
Ligation of the right portal vein during the first-stage hepatectomy could be an alternative to PVE. 27 However, this attitude may induce postoperative liver failure due to simultaneous nonanatomic resection in the FRL and right portal vein ligation. Moreover, the occurrence of collateral circulation may reduce the efficiency of portal vein ligation, and There was a mean period of time of 4 to 6 weeks between PVE and second-stage hepatectomy. However, Uesaka et al reported that the functional gain is more rapid and of greater magnitude than the volume gain. 28 A right-or extended (segment 4 ϩ caudate lobe) right hepatectomy was performed in all cases. In our series, 6 patients (24%) required, during the second-stage hepatectomy, further surgical treatment of left FRL metastases, which were undetectable at the time of the first-stage hepatectomy (Table 2) . The rationale for chemotherapy before right PVE would be to avoid progression of liver metastases in FRL. Indeed, the main cause of failure to achieve the TSHP was progression of the disease in the left FRL. The administration of chemotherapy after PVE in a subgroup of high-risk patients (with more than 5 metastases in the left FRL) could have contributed to increase the feasibility of the TSHP. The feasibility of the TSHP was 75.7%. Mortality was nil despite the 2 consecutive hepatectomies. Postoperative and long-term outcomes were similar to those reported by Adam et al for initially unresectable MBCLM. 16 However, interestingly, our series included more patients with a longer follow-up and 5-year survivors. As half of the study patients were included in the last part of the study, the median follow-up was of 12 months (range, 4 -76 months).
Intrahepatic recurrences were observed in 12 patients (48%, Table 4 ). These recurrences could be resected in 4 patients (25%) with a disease-free survival of 26, 33, 56, and 72 months, respectively ( Table 4 ). The analysis of our results showed that only the number of metastases in the left FRL (Յ 2 vs. Ͼ 2) was a risk factor for recurrence (Table 5 ; P ϭ 0.004).
During the last decade, several groups tried to increase the number of patients who could benefit from the resection of CLM. Their approach, more aggressive, included resection of extrahepatic disease, resection in elderly patients, and resection of MBCLM with small FRL. 17, 29 To extend the surgical indications of the TSHP, intraoperative RF destruction in association with nonanatomic liver resection has been performed in patients with more than 2 metastases located in the left FRL. Moreover, the same procedure has been also used during the second-stage hepatectomy to treat the recurrent metastases in the left FRL.
Elias et al recently reported that resectable peritoneal carcinomatosis should no longer be considered as an absolute contraindication to hepatectomy. 29 The 5-year survival rate following simultaneous resection of liver metastases and extrahepatic disease ranged from 18% to 20%. 29, 30 In our series, 4 patients presented with localized resectable peritoneal carcinomatosis and 1 patient with a single splenic metastasis; extrahepatic disease was resected, but all these patients developed disease progression and could not undergo the second hepatectomy. Univariate analysis showed that the presence of intraabdominal extrahepatic disease diagnosed during the first-stage hepatectomy, even when "completely" resected, negatively affected the completion of the TSHP. Therefore, the presence of extrahepatic disease, detected during the first-stage hepatectomy, should currently be considered as a contraindication to the TSHP. The accuracy of detection of extrahepatic intraabdominal involvement should be improved either preoperatively (PET scan) 31 or intraoperatively before starting the first-stage hepatectomy. Staging laparoscopy could be used as an alternative approach to detect intraabdominal extrahepatic disease. 32, 33 At the opposite, in our series the presence of resectable pulmonary metastases did not constitute an obstacle for completion of the TSHP.
None of the prognostic factors analyzed was significantly associated with an improved survival, except the completion of the procedure. Among patients in whom the TSHP has been completed, the overall and disease-free survivals were similar to that recently reported for patients with initially resectable CLM. 1, 17, 24, 25, 30, 34, 35 Several arguments could explain these favorable results. First, the design of our strategy allowed better selection of the patients based not only on preoperative investigations but also including a "test of time" of 2 to 3 months to evaluate tumoral behavior. Second, the combination of minor resections and RF destruction increased the number of patients who could undergo the whole procedure. Third, the recent introduction of chemotherapy after PVE in a subgroup of patients considered at high risk for disease progression could have contributed to increase the feasibility of the procedure by controlling recurrences occurring in the FRL between the 2 hepatectomies; however, further studies are needed to confirm this preliminary hypothesis.
CONCLUSION
This study provides further evidence that a TSHP combined with PVE for initially unresectable MBCLM can be performed safely in selected patients, with similar shortand long-term outcome compared with patients with initially resectable CLM.
Discussions
DR. ADAM: I think that we should congratulate your team for this extensive experience on 2-stage hepatectomy, a strategy that we proposed some years ago. We should congratulate you not only for the low mortality and morbidity and high rate of survival but also for showing that nonresectability of patients with colorectal liver metastases is not a fatality.
My first question regards the proportion of 50% of the patients who underwent a 2-stage hepatectomy article having only 1 or 2 lesions in the left liver. This would appear for most liver surgeons as a good indication of treatment by a single procedure using a combination of right hepatectomy and radiofrequency. What was the reason that prompted you to do a 2-stage hepatectomy rather than a single procedure?
The second question regards survival. You have really a fantastic 5-year survival of 55% in a group of patients for whom we would expect to observe a lower range of survival because they were initially unresectable with multinodular disease. How do you explain such a high survival rate in your risky population?
The next question regards an originality of your paper, that is, to propose a standardized 2-stage hepatectomy by primary clearance of the left liver and a further right hepatectomy. Sometimes we are faced with a central tumor or with metastases predominant on the left liver. So, how do you treat this type of patient?
Finally, my last question is on postoperative chemotherapy: are you performing it routinely or not, since this was not mentioned in your manuscript? DR. JAECK: Thank you for your comments and questions. Concerning your first question, I agree with you that, in case of a limited number of metastases in the future remnant liver (FRL), which can be resected at the same time of a major hepatectomy, we would perform a 1-stage procedure. However, according to our inclusion criteria, the 2-stage hepatectomy (TSHP) was decided when the preoperative liver volume evaluation, estimated by a three-dimensional CT scan, showed that the FRL that could be preserved (after a right or extended right hepatectomy combined with a nonanatomic resection or radiofrequency ablation of left liver metastases during a 1-stage procedure) would be less than 30% of the initial functional liver volume without portal vein embolization. In fact, our study population cannot be defined by a single criterion based on the number of metastases. Indeed, in our series, 50% of the patients required an extended right hepatectomy to clear right liver metastases. The mean size of the largest left liver metastases was 3 cm, so a major sacrifice of liver parenchyma would be necessary even in patients with only 1 or 2 metastases in the left FRL. Finally, 3 patients developed, despite portal vein embolization (PVE), transitory liver failure. All these data show that the major problem in these patients is a too small left FRL; the absence of mortality in our series was probably correlated with the routine use of PVE.
The second question is how we explain the good results concerning survival. The explanation for the improved results is directly related to the design of the strategy, which allows a high selection of the patients based not only on preoperative evaluation but also giving to the patient a test of time, of 2 to 3 months, between the first and the second-stage hepatectomy to accurately evaluate the tumor behavior and to better select the cases for surgery. In fact, our patients can be divided into three subgroups according to the aggressivity of the disease: the first subgroup is represented by a highly aggressive disease and includes the 5 patients in whom the disease progressed massively in the left FRL; they could not complete the TSHP. The second subgroup with an intermediate aggressive disease is represented by 6 patients who developed further metastases in the left FRL. However, these "de novo" left liver metastases were resected during the second-stage hepatectomy by combination of a right major hepatectomy to additional nonanatomic resection or radiofrequency ablation. Finally, a third subgroup with a low aggressive disease is represented by the 19 patients who completed the TSHP; that means with a second-stage hepatectomy resecting only the right liver metastases.
The third question is about a standardized TSHP in case of a centrohepatic lesion. In fact, patients presenting centrohepatic lesions or major involvement of segment IV were managed by a standardized TSHP considering only segments II and III as the FRL. Metastases in segment IV were left in place during the first-stage hepatectomy and we tried only to clear the left lateral lobe (segments II and III). Then, a PVE was performed and followed after adequate hypertrophy of the remnant liver, by an extended right hepatectomy.
The fourth question is about the postoperative chemotherapy. All the patients received postoperative chemotherapy. The chemotherapy that was started before the first-stage hepatectomy was continued, but now we also include chemotherapy between PVE and the second-stage hepatectomy.
DR. EGGERMONT: My compliments for this presentation, but in view of the data that were just presented by Professor Adam, I wonder what the outcome was of the chemotherapy in the 21 patients in your series, before the first-stage hepatectomy. Do I understand correctly that they all responded or had at least stable disease after their chemotherapy, or were there any patients who actually progressed under chemotherapy before the first-stage hepatectomy? DR. JAECK: In our series, only 27 of the 33 patients received preoperative chemotherapy and all the 27 patients selected for the TSHP showed, at least, stabilization of the disease.
DR. NEUHAUS: I enjoyed your paper. I would like to discuss the relevance of chemotherapy between the 2 operations. We all know that chemotherapy cannot cure the patient from a metastasis. It can only postpone the appearance or the growth. If a metastasis is in the future remnant liver, if it is very small and you missed it, then you have a chance at the second operation to take it out, but if you suppress it by chemotherapy you will not find it at the second operation. That might be a disadvantage even. We have this problem very often when patients are referred: you have the first CT scan and you have 4 metastasis, and then on the second CT scan only 1 is visible and some scars. Would you take out the scars or would you just take out the nodule then? DR. JAECK: Thank you for your comment and, as you said, there is a need for a prospective study to elucidate the need of an extended liver resection after chemotherapy. Our policy is to resect liver metastases according to the initial preoperative CT scan evaluation performed before chemotherapy administration. In our series, only 3 patients received chemotherapy between the 2 operations, and it was decided to introduce chemotherapy as all of them presented with more than 5 left liver metastases. Moreover, our results showed that a repeat hepatectomy could be achieved after completion of the TSHP. DR. SENNINGER: My first question is, alluding to the chemotherapy given in between: did you do objective measurements of the volume incitement of the liver because we noticed that there are objective data that hypertrophy at least slowed down?
My second question is: in some patients, you did radiofrequency ablations in the liver for 2 reasons. Were these all 100% effective to control local disease. Or was it so that you, in the end, have considered to better resect it.
DR. JAECK: As we aimed to extend the indications in patients with several left liver metastases, we decided to combine nonanatomic resections with radiofrequency ablation in patients with more than 3 metastases in the FRL. We have already compared the impact of resection alone versus combination with radiofrequency ablation on survival. Our results suggest that the type of ablation by radiofrequency or by nonanatomic resections during the first-stage hepatectomy did not affect overall survival or recurrence of the disease.
Concerning your first question about liver volume and chemotherapy, I would answer that volumetric evaluation has been done after the first-stage hepatectomy and before the second-stage hepatectomy in only 3 patients who received chemotherapy between the 2 operations. Our results suggest that chemotherapy did not affect liver hypertrophy if introduced 10 days or more after PVE. This hypothesis is supported by a study reported by Uesaka et al (Ann Surg. 1996; 223:77-83) , showing that the functional gain is more rapid and of greatest magnitude than the volumetric gain. DR. BISMUTH: I have 2 questions. First, did you study the possibility to replace the first-stage of hepatectomy for clearance of the left lobe by radiofrequency destruction of the nodule at the time of the portal embolization?
For the effect of chemotherapy between the 2 stages, I wonder if the chemotherapy does not impair the regenerative process. Did you study the change of liver function during this period of chemotherapy? In our experience, in our lab, when we take hepatocytes from the specimen of liver resection for tumor in a patient treated by chemotherapy, in order to culture these hepatocytes, there is no replication of these altered hepatocytes. Therefore, to continue the chemotherapy after the portal embolization may be an obstacle to the regenerative process. DR. JAECK: Indeed, the alternative to the first-stage hepatectomy could be percutaneous radiofrequency ablation to clear the left liver metastases. But this alternative carries the risk of overlooking small liver metastases and also peritoneal carcinomatosis. Our results suggest that the presence of extrahepatic disease is a contraindication to complete the TSHP. Currently, we do not include patients with peritoneal carcinomatosis detected during the first-stage hepatectomy.
Concerning chemotherapy, I agree with you as we observed the same phenomenon with culture of hepatocytes. We evaluate routinely the liver reserve by an indocyaninegreen (ICG) test before PVE and before the second-stage hepatectomy. Particularly in the 3 patients who received chemotherapy between the 2 hepatectomies, we did not observe any difference in liver function estimated by ICG test, and we did not contraindicate any of these patients for the second-stage hepatectomy. However, they received only 1 or 2 sessions of chemotherapy, and surgery was performed not earlier than 1 month after receiving chemotherapy.
